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Abstract

Introduction

Over the last decade, there has been a growing interest in
orthobiologics for osteochondral lesions (OCL) of the ankle joint.
Orthobiologics are defined as natural substances in the body that
increase the healing process of injury [1]. This includes various
bone and cartilage grafts, cell and/or matrix transplants, and
biological adjuncts. They can be used as intraarticular injections,
administrated to OCLs intraoperatively, or combined with
conventional therapies such as debridement or microfracture.
Hyaluronic acid (HA), platelet-rich plasma (PRP), and bone marrow
aspirate concentrate (BMAC) are common biological adjuncts. The
FDA updated its guidance for the use of human cells, tissues, and
cellular and tissue-based products (HCT/P) in July 2020[2]. Under
these guidelines, PRP is still not considered HCT/P because it is a

blood product. Similarly, BMAC is not considered HCT /P as long as it

Orthobiologics are receiving increasing interest in an effort to improve cartilage healing after acute and chronic injuries.
In osteochondral lesions (OCLs) of the ankle joint, orthobiologics can be used alone or as an adjunct to surgical treatment to
optimize the repair tissue. Several treatment options are currently available, including bone and cartilage grafts, cell and/or matrix
transplants, and biological adjuncts. However, little consensus exists on how to best use these orthobiologics for optimal repair. The
aim of this review was to summarize the latest literature for the treatment of OCLs of the ankle joint, focusing on the most common
biological adjuncts; hyaluronic acid (HA), platelet-rich plasma (PRP), and bone marrow aspirate concentrate (BMAC). Additionally,
new therapeutic strategies to biologically regulate the cartilage environment to further improve cartilage healing are also discussed.

is minimally manipulated, not combined with other substances, and
used for homologous purposes. Therefore, neither PRP nor BMAC
requires premarket approval by the FDA, which is advantageous
for research and therapeutic advancement. OCLs of the ankle
joint have been reported in about 50% of acute ankle sprains and
in 73% of ankle fractures [3, 4], thereby representing a frequent
problem for the orthopaedic surgeon. If left untreated, the risk of
continued symptoms and development of ankle osteoarthritis is
considerable, with a reported incidence of osteoarthritis up to 50%
[5, 6]. However, the treatment of OCLs is difficult due to the poor
vascular supply and the large forces that are transferred through
the ankle joint. Bone marrow stimulation, or microfracture, is
the most commonly used surgical technique for smaller chondral
lesions, while osteochondral autograft or allograft transplantation
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has been preferred for larger lesions [3, 5]. Unfortunately, the
repair tissue, particularly in microfracture treatment, is primarily
composed of fibrocartilage, which is less biomechanically robust
than hyaline cartilage, and is more likely to degenerate over time.
The aim of this review is to summarize the current literature on
orthobiologics for treatment of OCLs of the ankle joint. We have
focused on the biological adjuncts, including HA, PRP, and BMAC,
with their benefits and limitations based on the latest evidence.
Future directions for orthobiologics to promote cartilage repair are
also discussed.

Microfracture

Microfracture surgery is a minimally invasive surgical technique
that is easy to perform with low costs [7]. It involves debridement
of the unstable cartilage and calcified cartilage layer, and creation
of small holes through the subchondral bone to allow for bone
marrow with mesenchymal stem cells (MSCs) to fill the chondral
defect [7, 8]. Additionally, a fibrin clot forms within the defect, which
initiates an inflammatory state with growth factors and cytokines
that stimulate cartilage healing [9]. The MSCs differentiate into
chondrocyte-like cells that produce the repair tissue consisting
of a combination of hyaline cartilage and fibrocartilage [9-11].
Several studies have reported good clinical outcomes with a
low complication rate after microfracture [12-14]. However, the
native hyaline cartilage consists of collagen type II, contrary to
fibrocartilage, which consists of collagen type I. It has been shown
that fibrocartilage has inferior wear properties compared to hyaline
cartilage [9]. Declining long-term results with incomplete cartilage
healing, progression of osteoarthritis, and poor clinical outcomes
have been reported, suggesting that the cartilage may deteriorate
over time [15-19].

Bone and Cartilage Grafts

Osteochondral autograft transplantation (OAT) involves
harvest of cartilage graft, usually from the ipsilateral knee joint,
with implantation into the cartilage defect [20]. The graft can be
harvested as multiple small (mosaicplasty) or one large graft [21].
This procedure thereby replaces the cartilage defect with viable
hyaline cartilage. Nevertheless, there is a risk of insufficient healing
and symptoms at the donor site as well as cartilage incongruity and
poorhealing atthe graftsite [22,23]. Additionally, amedial malleolar
or fibular osteotomy is often required to get access to the cartilage
defect [20], and poor healing of the osteotomy may be of concern
Saxena, et al. [24]. reported comparable functional scores between
OAT and microfracture, but longer return to sports with OAT [14].
Although other authors have reported a high rate of good results
[20-25], prolonged rehabilitation and risk of complications limit
the use of this procedure. Osteochondral allograft transplantation
with a graft from a donor avoids the potential complications from
the donor site and allows larger grafts to be transplanted; however,

limitations include donor accessibility, timing issues, risk of disease
transmission, high costs, post-operative cyst formation, not to

mention a technically demanding procedure [3, 26].

Particulated juvenile cartilage allograft (PJCA) involves
transplantation of cartilage from juvenile donors that contains
chondrocytes with a higher potential to produce hyaline-like
cartilage [27]. Extracellular matrix cartilage allograft (EMCA)
consists of a cartilage matrix with various growth factors that can
facilitate the differentiation of MSCs to chondrocytes [27]. EMCA
has been used as an adjunct to microfracture. Although favorable
outcomes have been reported for PJCA and EMCA in both in vitro
and clinical studies, the studies are small with wide heterogeneity

and several confounding factors [28].

Cell and/or Matrix Transplants

Cell transplantation aims to replace the chondral defect
with hyaline-like cartilage, thereby providing repair tissue with
better properties compared to microfracture surgery. Various
surgical techniques are described [29]. Autologous chondrocyte
(ACD)
chondrocytes [30, 31]. This is a technically demanding two-stage

implantation involves transplantation of cultured
procedure, where the first stage consists of harvest of chondrocytes
from the knee, the ankle, or a loose fragment. After expansion in
culture, the chondrocytes are implanted in the lesion and covered
with a periosteal flap or type I/IIl collagen matrix. Matrix-
associated chondrocyte implantation (MACI) is also a two-stage
procedure [32, 33]. However, in this procedure, the chondrocytes
are cultured on a type I/IIl collagen matrix, thereby reducing
the risk of chondrocyte dedifferentiation, avoiding the need for a
covering scaffold, and promoting an even chondrocyte distribution.
Autologous matrix-induced chondrogenesis (AMIC) is also used
as an adjunct to microfracture [34]. After the microfracture
procedure, a type I/11I collagen matrix is used to cover the cartilage
defect. The matrix is thought to prevent the fibrin clot and MSCs
from escaping and to stimulate chondrogenesis [35]. Since no cells
are transplanted, this procedure relies on the differentiation of the
MSCs for production of repair tissue. Matrix-associated stem cell
transplantation (MAST) is a modification of the AMIC procedure.
Autologous bone marrow aspirate is harvested from the iliac crest,
concentrated, and impacted into the cartilage lesion together with
a type I/III collagen matrix or extracellular matrix (ECM) scaffold
[36]. This procedure thereby requires only one stage and results in
a higher number of MSCs available for cartilage repair.

Clinical studies have reported promising outcomes after
autologous cell transplantation; however, most of the literature
consists of smaller case series with wide heterogeneity [35-39].
There is frequently a need for a medial malleolar osteotomy,
and both ACI and MACI consist of two procedures leading to
increased morbidity and costs. Additionally, there are regulations
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on sorting and culturing of cells by the FDA in the United States.
These limitations have prevented the widespread usage of cell

transplantation.

Biological Adjuncts
Hyaluronic Acid

Hyaluronic acid (HA) is a carbohydrate component found
in the synovial fluid that provides viscoelastic properties [40].
In laboratory studies, HA has demonstrated a positive effect on
chondrocyte proliferation [41]. Given as intraarticular injections
for OCLs of the ankle joint, HA serves as a visco-supplementation
and has been reported to reduce pain and improve function [42].
In a randomized controlled trial by Doral et al. 41 patients were
treated with three HA injections after microfracture surgery and 16
patients were treated with microfracture surgery only [40]. After
2 years, they found a significantly better improvement in function
measured with the Freiburg score and the American Orthopaedic
Foot and Ankle Society (AOFAS) score with postoperative HA.
No complications were reported. Similarly, in a randomized
controlled trial, Shang et al. compared 18 patients treated with
microfracture and three HA injections with 17 patients treated
with microfracture alone [43]. In addition to better AOFAS and
visual analogue scale (VAS) scores in the HA group, they reported
magnetic resonance imaging (MRI) findings suggesting better
remodeling and maturation of the repair tissue at a mean 10
months postoperatively. Although lack of long-term results, there is
evidence that HA injections as an adjunct to microfracture surgery
may have superior results compared to microfracture alone.

Platelet-Rich Plasma

Platelet-rich plasma (PRP) consists of a concentrate of platelets
and is derived from peripheral venous blood that is processed and
separated into blood fractions. Platelets contain a high volume of
cytokines and growth factors, including transforming growth factor
beta (TGF-3), vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), insulin-like growth factor (IGF),
and fibroblast growth factor (FGF) [44]. These are released when
the platelets are activated by exogenous or endogenous triggers.
The cytokines and growth factors play an essential role in the

homeostatic, coagulatory, and inflammatory processes.

A systematic review by Smyth et al. included in vitro and in vivo
studies that examined the effect of PRP on cartilage [45]. Most of
the included studies found evidence for increased cell proliferation,
differentiation, and viability, and they also found higher levels of
proteoglycan and type II collagen. This may be beneficial following
the microfracture procedure, where PRP may improve the amount
and quality of repair tissue. Milano et al. studied chronic OCLs in
the weightbearing area of the knee in 15 sheep [46]. The lesions
were treated with microfracture alone, microfracture with PRP
and fibrin glue, or microfracture and one PRP injection. Six months

postoperatively, the PRP and fibrin glue group showed better
covering by repair tissue, higher stiffness, and better histological
findings than the two other groups. Also, the PRP injection group
demonstrated better histological findings than the microfracture
group. Smyth et al. assessed PRP as an adjunct to OAT [47]. In each of
12 rabbits, one knee was treated with OAT and saline injection and
the contralateral knee with OAT and PRP injection. No difference
between the treatments was found macroscopically, however, the
histological score and graft integration were better in the PRP group
at 12 weeks postoperatively. Based on the pre-clinical studies, PRP
as an adjunct to surgical treatment for OCLs may result in superior

repair tissue compared to microfracture surgery.

Some clinical studies have reported on PRP treatment alone
or as an adjunct to microfracture surgery in the ankle joint. A
randomized controlled trial by Mei-Dan et al. compared three
injections of PRP or HA in 30 ankles [48]. They reported a
significant improvement in AOFAS score and VAS scores for pain,
stiffness, and function in both groups at 28 weeks, although PRP
demonstrated significantly better results compared to HA. Guney,
et al. compared microfracture alone (n = 16) to microfracture
and one PRP injection (n = 19) [49]. At a minimum of 12 months
postoperatively, the AOFAS, VAS, and Foot and Ankle Ability Measure
(FAAM) scores improved significantly in both groups. Additionally,
the improvement was significantly better with microfracture
and PRP compared to microfracture alone. Similar findings were
reported by Gormeli, et al. [50]. They compared one injection of
either PRP, HA, or placebo after microfracture surgery in a blinded
randomized controlled trial including 40 patients. At mean 15.3
months, both AOFAS and VAS scores improved significantly in all
groups, with a significantly better improvement in the PRP group
compared to the HA group, and in the HA group compared to the
placebo group. In a study by Guney et al., microfracture alone (n =
19), microfracture and one PRP injection (n = 22), and mosaicplasty
(n = 13) were compared [51]. Mosaicplasty was chosen for larger
lesions in patients with high physical demands. At a median follow-
up of 42 months, the mosaicplasty group had a significantly larger
reduction in VAS score for pain compared to the two other groups,
but these patients also had higher VAS score preoperatively. AOFAS
and FAAM scores did not differ between the groups. Interestingly,
five patients in the microfracture group had reoperation due to
pain. The authors suggested that better quality of the repair tissue
might favor mosaicplasty when comparing clinical outcomes.

PRPhasalsobeenusedasanadjunctto othersurgical treatments
for OCLs. Giannini et al. treated 48 patients with a combination of
PRP gel and autologous bone marrow-derived cells on a porcine
collagen or HA membrane placed in the cartilage defect [52]. At 12
months follow-up, five second-look arthroscopies demonstrated
intact repair cartilage and histologic findings with various degrees
of repair tissue. At 24 months follow-up, a high AOFAS score with
healing on MRI was reported. In a follow-up study by the same
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authors, comparable results were found between this technique,
open ACI, and arthroscopic ACI [53]. Gu et al. reported on PRP
as a scaffold placed over autologous bone graft [54]. At mean 18
months (range, 12-24) follow-up, they found a significant increase
in AOFAS, VAS, and SF-36 scores, and improvement of dorsi- and
plantarflexion.

PRP treatment is easy to perform, involves a low risk of
complications, and has low costs. Today, several commercial
systems are available for processing PRP to obtain the desired
composition of blood fractions (e.g., leukocyte-rich PRP and
leukocyte-poor PRP). However, these systems prepare PRP with
various concentrations of products (i.e., platelets, leukocytes,
anticoagulants, activators) [55]. Additionally, patient characteristics,
including age and body mass index (BMI), may result in different
PRP compositions. There is also inconsistency regarding dosages,
timing, and frequency of treatment [56]. The diversity of PRPs, as
well as the wide heterogeneity of methodology in existing studies,
make comparisons between studies and interpretation of results
difficult.

Bone Marrow Aspirate Concentrate

Bone marrow aspirate concentrate (BMAC) is designed to
enrich the tissue with white blood cells, platelets, and MSCs, and
is created by centrifugation of collected autologous bone marrow
[57]. Bone marrow can be harvested from multiple anatomical
sites such as the anterior iliac crest, posterior iliac crest, tibia, and
calcaneus [58]. Among several orthobiologics routinely used as
adjuncts in clinical practice, BMAC initially gained popularity as
an intraoperative stem cell therapy due to the characteristics of
being harvested from bone marrow; the primary source of MSCs
[59]. Since MSCs have the ability to differentiate into different
cell types depending on the environment, they can be expected
to differentiate into chondrocytes when implanted into OCLs
[60]. However, there is a controversial question whether BMAC
administration can be considered a stem cell therapy. This is due to
recent evidence of low concentrations of MSCs in BMACs (0.001%
to 0.01%) [61,62]. Furthermore, in a recently published systematic
review investigating the benefit of BMAC in focal cartilage lesions
of the knee joint, Cavinatto et al, [63]. found that there was no
evidence of presence of true MSCs in BMAC. Also, recent studies
have shown that MSCs do not differentiate directly into cartilage,
but rather release microvesicles that act to regulate the local
environment, thus leading to recruitment of more stem cells [64,
65]. Interestingly, these cells may possess a paracrine effect that
recruits additional host cells to the delivery site, enhancing the
production of additional growth factors to promote tissue healing
[63].

BMAC is also known to contain multiple growth factors,
including TGF-3, VEGE, PDGF, bone morphogenetic proteins (BMPs),

and interleukin-8 (IL-8) [66]. Despite similar platelet concentration
in BMAC and PRP, BMAC contains a significant amount of
leukocytes and the pro-inflammatory cytokines IL-8 and IL-1( [64].
Furthermore, the recent finding that BMAC contains significantly
higher concentrations of the interleukin-1 receptor antagonist
(IL-1ra), an anti-inflammatory protein, strongly supports the anti-
inflammatory effect of BMAC [59, 64]. Given that inflammatory
suppression has always been the key to cartilage repair [67], BMAC
may have an advantage over PRP for OCL repair.

Over the past decade, several clinical studies have been
conducted to evaluate the efficacy of BMAC for the treatment of OCLs
of the ankle joint, mainly administered in situ and combined with
various scaffolds, grafting techniques, or microfracture procedures
[20, 52, 68-73]. In their one-step repair using BMAC in talar OCLs,
Giannini et al. showed good clinical outcomes at 4-year follow-up,
despite a decrease in the AOFAS scores between 24 and 48 months
after surgery [69]. Their results suggest that BMAC is a useful
biologic for the regeneration of damaged cartilage in the talus.
However, further long-term follow-up is necessary to determine
the long-term durability of the regenerated cartilage. Hannon et al.
retrospectively compared the outcomes of patients who received
microfracture and BMAC (n = 22) or microfracture alone (n = 12)
for treatment of OCL of the talus [68]. The authors found that the
microfracture and BMAC procedures produced similar favorable
functional outcomes to microfracture alone, but with improved
integration of borderline repair tissue as well as fewer tears and
fibrillation on MRI.

Clinical studies have also been conducted with BMAC in
combination with autograft or allograft transplantation to
achieve higher quality cartilage regeneration. Kennedy et al.
reported functional outcomes after autologous osteochondral
transplantation using BMAC in 72 patients [20]. At an average
of 28 months postoperatively, the authors described favorable
functional outcome improvements and concluded that autologous
osteochondral grafting is a reproducible primary therapeutic
strategy for large OCLs of the talus. Recently, De Sandis, et al.
assessed clinical and radiographic outcomes in 46 patients with
critical size OCLs (26 mm widest diameter) who underwent
Juvenile Allogenic Chondrocyte Implantation (JACI) with BMAC
[73]. The results showed that the combination of JACI and BMAC
improved functional outcome scores, however, postoperative MRI
showed low surface continuity (9.1%), homogenous structure
(13.6%), and poor cartilage integration (40.9%) which still
presented a fibrocartilage configuration. A retrospective study was
recently published from the same authors, comparing three groups
of patients who underwent JACI with BMAC (JACI-BMAC, n = 20),
microfracture alone (MF, n = 13), or microfracture with BMAC
(BMAC-MF, n = 17) [72]. They found that functional outcomes
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improved at an average of 30.9 months after surgery in all three
groups. Although most patients improved, functional outcomes
and quality of repair tissue were still abnormal. Furthermore, the
JACI-BMAC group showed fibrocartilage regeneration on MRI after
implantation and did not show significant functional superiority
compared to the MF group. Based on these results, there is no
evidence that this relatively new grafting technique combined with
BMAC is advantageous compared to other conventional cartilage
repair techniques such as microfracture.

There is growing evidence on the use of BMAC to treat OCLs
of the ankle joint. However, few publications demonstrate the
efficacy of BMAC alone, and it has yet to be known whether BMAC
can provide temporary pain relief or long-term patient benefits.
High-quality studies assessing outcome selection, processing, and
administration are essential to determine the clinical benefits of
BMAC.

Future Directions for OCL Treatment of the Ankle Joint

Healing of OCLs with hyaline cartilage that is equivalent to native
cartilage is crucial to withstand the high mechanical stress over the
long term and avoid the development of osteoarthritis of the ankle
joint. Numerous studies have examined the possibility of enhancing
cartilage repair with scaffolds, growth factors, or stem cells,
either alone or as an adjunct to conventional surgical techniques.
Unfortunately, none of the available treatment options today results
in high-quality hyaline cartilage. Optimizing the environment for
cartilage repair or the composition of the biological adjuncts may
allow for further increased quality of the repair tissue.

TGF-131 plays a vital role in cartilage homeostasis [74]. However,
itis also known that TGF-B1-pSmad2/3 signaling is associated with
tissue fibrosis [74]. Some studies have demonstrated that reducing
the level of TGF-31 through blocking of angiotensin II receptors
can reduce tissue fibrosis and increases tissue regeneration after
skeletal muscle injury [75-77]. Recently, Utsunomiya et al. showed
in a rabbit knee model that losartan, a well-known angiotensin
II receptor blocker, reduced the level of TGF-B1 and resulted in
improved cartilage repair with increased hyaline cartilage after

microfracture procedure [78].

VEGF is a cytokine that stimulates angiogenesis and is highly
important during inflammation and bone healing [79]. It has
been suggested that inhibition of VEGF signaling may inhibit the
angiogenesis, thereby reduce the progression of osteoarthritis
and improve the healing of OCLs [80, 81]. In a rabbit knee
osteochondral defect model, Nagai, et al. reported that intravenous
bevacizumab, an anti-VEGF drug, significantly improved the healing

of osteochondral defects compared to untreated controls [81].

PRP and BMAC contain growth factors and cytokines that act
negatively on the healing process, including pro-inflammatory

interleukins, microparticles, and reactive oxygen species (ROS) [82,

83]. These components may potentially be modified to improve
healing. Additionally, senescent cells are present in both PRP and
BMAC, and release pro-inflammatory cytokines, proteases, and
other senescent-associated secretory phenotypes (SASPs), which
may reduce the quality of tissue repair. Xu, et al. reported that
transplanting senescent cells into the knee joint caused severe
articular cartilage damage suggestive of osteoarthritis, indicating
that senescent cells can induce an osteoarthritis-like state [84].
Administration of senolytic agents to remove senescent cells and
reduce SASP may enhance the effect of these orthobiologics and
thus provide a safe and novel therapeutic strategy.

Conclusion

After surgical treatment of OCLs of the ankle joint, regeneration
with hyaline cartilage is essential to withstand repetitive stress
from weightbearing. Although orthobiologics are increasingly
used to improve cartilage healing, there is insufficient evidence
for their indications, preparation, dosage, and timing. Additionally,
comparative studies with long-term follow-up to determine the
quality and durability of the repaired cartilage are needed before
definitive treatment recommendations can be made.
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